The longitudinal posttraumatic stress responses and resilient factors after the Fukushima Daiichi Nuclear Power Plant are yet unknown. Here we attempted to quantify the patterns of the course of posttraumatic stress disorder (PTSD) symptoms and we explored the factors associated with psychological recovery. The subjects were 12 371 residents in the municipalities categorized as the forced evacuated area. We categorized the subjects' PTSD symptoms into 4 groups: Chronic, Resistant, Recovered, and Non-recovered. We applied a logistic regression to clarify the factors related to psychological recovery. We observed that laughter showed significant odds ratio in the Recovered group and the Resistant group. Meanwhile, elderly residents and those with poor living circumstances showed significant odds ratios for the Recovered group and the Resistant group. Laughter in daily life was associated with the psychological health in the evacuation area.
Introduction
tsunami, and nuclear accident have received a great deal of attention. Previous cross-sectional studies revealed that the proportion of traumatized residents in Fukushima was almost equal to that of workers after the 9/11 attacks in New York 1 and concern about radiation risks was associated with psychological distress. 2 However, the longitudinal posttraumatic stress responses and resilient factors after FDNPP are yet unknown.
After the Chernobyl accident, several studies demonstrated that the mental well-being of evacuees over the long term was negatively associated with the evacuees' proximity to the plant, [3] [4] [5] [6] female gender, 7 negative risk perception, 8, 9 uncertainty about the future, 7 poor financial situation, 7 and insufficient social support. 7 Outside studies on nuclear disaster, it is also known that increased substance use and/or misuse is associated with exposure to traumatic events. 10 Although there is no report about psychological resilience after nuclear disasters with consecutive data, several factors after traumatic events have also been identified, for example, positive coping strategy, self-efficacy, and social support. 11 Some studies demonstrated that laughter and humor reduced the negative effects of stress during bereavement. 12, 13 The objective of the present study was to quantify the patterns of the course of posttraumatic stress symptoms after the Fukushima disaster using the 3-year follow-up data in Japan's fiscal years (FYs) 2011, 2012, and 2013, and to explore the factors associated with psychological health status. We hypothesized that female gender, negative risk perception, substance misuse, poor financial situation, as well as insufficient social support were associated with poor outcome, whereas sufficient social support and laughter were associated with psychological recovery.
Methods

Study Population
The study population consisted of the 60 432 residents who were registered in the municipalities that are categorized as evacuation areas of all residents during all 3 FY assessments after the March 11, 2011 FDNNP accident. The residents had lived in Naraha (town), Tomioka (town), Okuma (town), Futaba (town), Namie (town), Katsurao (village), and Iitate (village). We chose the residents in this area from the original study population of the mental health and lifestyle survey in the Fukushima Health Management Survey 1 in order to avoid the effect of resettlement. We excluded Minamisoma (city), Tamura (city), Hirono (town), Kawauchi (village), and Date (city), because not all the residents in these municipalities were evacuated during the study period. In this mental health and lifestyle survey, the questionnaires for adolescent and adult population were sent to those who were born before April 1, 1998. A total of 3 mail-based, self-administered assessments were conducted: the FY 2011 assessment was in January 2012, the FY 2012 assessment was in January 2013, and the FY 2013 assessment was in February 2014 (the "FY" notations are omitted below to avoid repetition). These assessments were 10, 22, and 35 months after the disaster, respectively. The deadlines for responses were set 6 months after the posting of all 3 assessments. The response rates of each assessment were 47.5% in 2011, 39.1% in 2012, and 33.5% in 2013. Among them, 12 371 people completed all 3 assessments (Figure 1 ). We sent mails to all the target population as reminders in 2013, because of the decreased response rate in 2012.
Sociodemographic and Disaster-Related Variables
The 3 self-administered assessments asked the subjects to provide their sociodemographic characteristics including age, gender, academic background, and working status. Information about the subject's medical histories, experiences at the disaster, activities in the subject's present daily life, circumstances of the family (number of cohabitants, whether living separately from any family member), living circumstances, and radiation risk perception was also requested. Some variables were taken from the survey in 2012 instead of 2011, because some questions had been not asked in 2011.
Assessments
We assessed the subjects' posttraumatic stress symptoms by using the PTSD Checklist StressorSpecific Version (PCL-S). The PCL is a 17-item self-report measure reflecting the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) symptoms of posttraumatic stress disorder (PTSD). 14 The PCL-S (specific) asks about symptoms in relation to an identified stressful experience. A total symptom severity score (range 17-85) can be obtained by summing the scores from each of the items that have response options ranging from 1 = "Not at all" to 5 = "Extremely."
We adopted a presumptive classification to categorize individual PTSD symptoms. Symptoms rated as "Moderately" or above (3 through 5 on individual items) were counted as the existence of the symptom. In accord with the DSM-IV symptom criteria, we defined PTSD by at least 1 B item (questions 1-5), 3 C items (questions 6-12), and at least 2 D items (questions [13] [14] [15] [16] [17] . Subsyndromal PTSD was defined by at least 1 B item combined with 3 or more C items or 2 or more D items. Other subjects were categorized as "no PTSD." We did not use the symptom severity score of PCL-S for a presumptive classification in this study, to avoid complexity of the definitions of PTSD, subsyndromal PTSD, and no PTSD. This is known as the symptom cluster method 15 and has been used in other studies. 16 Subjects were categorized into 3 patterns for each assessment (PTSD, subsyndromal PTSD, or no PTSD). Therefore, there were 27 (3 3 ) patterns in the 3-year time course. The patterns were then integrated into 4 groups. We defined 4 subject groups: (1) the Chronic group, as the subjects who exhibited PTSD in all 3 assessments; (2) the Resistant group, who showed no PTSD in any of the assessments; (3) the Recovered group, who were categorized as no-PTSD in 2013 but did not belong to the Resistant group, and (4) the Non-recovered group, who were categorized as having PTSD or subsyndromal PTSD in 2013 but did not belong to the Chronic group. We also used the subjects' CAGE scores. CAGE is an acronym for the attempts to Cut back on drinking, being Annoyed at criticisms about drinking, feeling Guilty about drinking, and using alcohol as an Eye opener. The CAGE scale is a 4-item scale designed as a screening instrument for problem drinking. 17 We used the subjects' total CAGE score (0-4) as an index of problem drinking.
To assess social integration and to screen for social isolation among community-dwelling populations, we used the abbreviated Lubben Social Network Scale (LSNS-6). 18 The reliability and validity of the Japanese version of LSNS-6 have been confirmed. 19 The LSNS-6 is constructed from a set of 3 questions that evaluate kinship ties and a comparable set of 3 questions that evaluate nonkin ties. The total scale score is an equally weighted sum of the 6 items, with scores ranging from 0 to 30.
To assess the subjects' laughter, we used the standard single item question: "How often do you laugh out loud?" (Responses: never or almost never, 1-3 times per month, 1-5 times per week, or almost every day). In this study, a response that indicated the subject laughed at least once a week (ie, 1-5 per week or almost every day) was regarded as a positive response. We assessed the subjects' perception of the risk of radiation by using a 4-point Likert-type scale that asks, "In your opinion, how high is the risk that you have radiation poisoning?" The possible scores are 1 = quite low risk to 4 = very high risk, and scores of 3 or 4 were regarded as high risk perception.
Statistical Analysis
We summarized the proportions of the temporal patterns of PCL-S as a table. We divided the temporal patterns into 4 groups: Chronic, Resistant, Recovered, and Non-recovered. We used a univariate analysis to investigate the factors of each group with the Non-recovered group as the control group. We decided to set the Non-recovered group as the reference group because we sought to detect both positive and negative effects that influenced the course of the PTSD symptoms simultaneously; therefore, for the Resistant and Recovered groups, an odds ratio (OR) >1 indicates a positive effect for recovery, whereas for the Chronic group, 1/OR >1 expresses a positive effect for recovery. We conducted a logistic regression to examine the differences between the Non-recovered and Recovered groups, the Non-recovered versus Resistant groups, and the Non-recovered versus Chronic groups. In all analyses, a 2-tailed P value less than .05 was considered significant. All statistical analyses were conducted using IBM SPSS Statistics software, version 21 for Windows. 
Ethical Issues
Results
Sociodemographic Characteristics
The PCL-S data were obtained from 7757 study population (62.7%) of 12 371 residents who responded to all 3 assessments. The sociodemographic characteristics of the respondents are shown in Table 1 . The proportion of male was higher for respondents with PCL-S data than those without PCL-S data (48.8% vs 39.1%, χ 2 = 40.34, df = 1, P < .001).
Temporal Patterns
The mean PCL-S scores of the study population declined slightly from 2011 to 2013; 35.36 ± 15.4 in 2011, 33.6 ± 14.7 in 2012, and 32.8 ± 14.5 in 2013. Among the 27 types of patterns, more than half (54.9%) were in the minimal symptoms category. The second most common pattern, but still with a small percentage (8.1%) was chronic dysfunction. After integration into the 4 symptom change groups, the Recovered group accounted for almost one-fifth (19.3%) of the study population, and the Non-recovered subjects followed (17.7%) ( Table 2) .
Exploration of the Factors Related to the Symptom Groups by Univariate Analysis
The results of our univariate analysis of sociodemographic and disaster-related variables in each group compared to the Non-recovered group is shown in Table 3 . We used a cutoff point of age at 65 years, because we wanted to see the impact on elderly people. Significant negative effects were revealed by the unadjusted ORs for subjective health status in 2011, sleep insufficiency in 2011, and risk perception of radiation in 2011. In contrast, the ORs of laughter showed significant positive effects in the Chronic, Resistant, and Recovered groups. Social support showed a significant positive effect in the Resistant group, and the number of cohabitants in 2012 showed a significant positive effect both in the Recovery and Resistant groups.
Exploration of the Factors Related to the Symptom Groups by Multivariate Analysis
The results of our logistic regression analyses compared with the Non-recovered group are shown in Table 4 . We constructed our final model so that each variable showed significance in at least 1 group. Our final model correctly predicted 58.9% (Recovered), 82.4% (Resistant), and 72.9% (Chronic) of the study population. Older age and poor living circumstances in 2012 showed significant negative effects. Laughter showed a significant positive effect in both the Recovered and Resistant groups.
Subgroup Analyses on Laughter
In order to examine whether the associations between laughter and psychological conditions are modified by the experiences of disaster, we conducted subgroup analyses. We planned to simulate for subgroups (a) with and without tsunami experiences separately, (b) with and without having heard the sound of nuclear plant explosion separately, (c) with and without bereavement separately, and (d) with and without house damage separately. We could not conduct our subgroups with and without having heard the sound of nuclear plant explosion, because only 6% of the study population did not hear the sound. For this subgroup analyses, the variables were adopted from the above mentioned final model (without the corresponding variable) for the logistic regression analyses. 
Discussion
In the present study's general population of evacuation areas affected by the FDNPP accident, the subjects' PTSD symptoms overall declined over the 3 years after the accident, indicating symptom courses similar to those of non-intentional trauma, such as natural disasters. 20 The declining pattern of psychological symptoms in the long-term was in line with studies after the Three Mile Island accident, 21, 22 the Chernobyl accident. 3 We found that the most common pattern of PTSD symptoms was the continuous low symptoms (54.9%), whereas a substantial portion of the study population (8.1%) showed chronic dysfunction. The predominance of the Resistant group and the sizeable proportion of chronic patterns are in line with previous longitudinal studies. 10, 11 The percentages of the improving and worsening groups seem to fit the prototypal trajectories described by Bonanno and Diminich. 11 A longitudinal study conducted after the nuclear accident at Three Mile Island followed individual trajectories of long-term (10 years) psychiatric distress among 109 mothers of young children, 23 and a sharply bipolar division between chronic high distress and continuous low distress was observed. Such polarization was also revealed by the present investigation, suggesting heterogeneous patterns of psychopathology.
We adopted the PCL trisected patterns to identify the nature of the course of posttraumatic stress symptoms. This method has the advantage of enabling investigators to visualize all symptom patterns. Similar procedures using full PTSD and subsyndromal (or partial) PTSD criteria were used in other studies 24 to illustrate longitudinal trajectories. From the viewpoint of clinical practice, using the PCL trisected patterns was suitable for the present study.
Our results of the risk factors are consistent with the findings after the Chernobyl disaster for female gender, 7 negative risk perception, 8, 9 and poor financial situation. 7 An association between negative perception of the health status and past radiation exposure was reported in a study of 200 Russian immigrants in Israel, 6 which revealed that both the somatic and mental health of Chernobyl survivors were significantly worse than those of other immigrants of the same gender and age, and a significant share of the reported health problems were probably psychosomatic. The previous results regarding the relationship between PTSD and older age are inconsistent, 10 but a possible interpretation of our present findings is that older persons tend to have greater concerns about their health status.
Nightmare and sleep disturbance are included in the DSM-5 diagnosis of PTSD, 25 yet no unique objective sleep profile has been identified when comparing different psychiatric disorders. 26 More than 70% of PTSD patients have sleep problems. 27 Subjective sleep disturbances are commonly observed in the face of natural disasters and technological disasters. 28 A great disturbance of sleep among residents near the power plant was reported after the Three Mile Island nuclear accident. 29 Our present finding that sleep insufficiency was associated with the course of chronic PTSD symptoms suggests that intervention programs for sleep hygiene 28 could be beneficial.
The relationship between laughter and post-disaster mental health has not been reported. The effects of laughter have been examined not only in positive psychology studies. 12, 13 A study of 292 people who experienced recent bereavement revealed that experiencing humor, laughter, and happiness was strongly associated with lower levels of grief and depression. 13 Our present results indicated the importance of experiencing laughter in daily life. Although the effect of laughter seemed to work as a protective factor than a recovery-facilitating factor, a program to generate laughter experiences in communities of evacuees would be beneficial, for example, via group therapy sessions in temporary housing facilities.
This study has methodological limitations to consider. First, the use of a self-rating questionnaire for the assessment of the PTSD symptom severity provides less accuracy compared with the use of clinician-administered diagnostic tools. However, while this did not allow us to establish clinically valid diagnoses, the correlations between self-rating and observer-rating PTSD symptom scores are typically very high. 14 Second, the first survey in 2011 was conducted almost 1 year after the disaster, which means that we were not able to differentiate any acute-phase impact soon after the disaster from the consistent symptom resistance. Third, we could not distinguish pre-disaster characteristics of the study population from the study data, because of the absence of the prospective pre-disaster data. The continued pre-existing distress pattern described by Bonanno and Diminich 11 might thus be contaminated with the chronic trajectory group of our study population. Fourth, we asked only working status of the study population and did not ask their job itself, therefore we could not discuss in detail about their work situations. Fifth, demographic and socioeconomic characteristics (such as those shown in Table 1 ) of 3-time respondents (those who responded to all the 3 surveys) can be different from one-time responders (those who responded to only 1 of the 3 surveys). Sixth, the associations observed in the present study may not be reproduced among those who did not respond to this survey. Finally, interventions using telephone and mail service for the high-risk group according to K6 (Kessler Psychological Distress Scale) and PCL, which were provided by an intervention team as postsurvey support, 30 might have affected the degree of psychological distress.
Conclusion
This study demonstrated the heterogeneous posttraumatic stress patterns of the residents in the evacuation area. From a public health perspective, our data might contribute to the identification of vulnerable populations and to the provision of appropriate interventions or care. Moreover, our findings can be used to develop a new simple screening tool for use by health providers, which could measure the risks to long-term mental health after a nuclear disaster. Further prospective studies of this population are needed to determine the longitudinal effects of this complicated, long-lasting disaster.
